Introduction
Cotton is one of the strategical agricultural products that has various utilization areas in agricultural, industrial and trade sectors. Although the synthetic fibre production is increased in the world, cotton fibre remains important among other raw materials used in the world textile industry (Tables 1 and 2 ). World's 2012/2013 cotton consumption is forecasted to increase 3.6% from the last year to 106.9 million bales. China's expected mill use decline will be more than offset by consumption increases in other countries (including Bangladesh, India, Indonesia, Pakistan, Thailand, Turkey and Vietnam).
Abstract:
In this paper, it is aimed at determining the equations and models for estimating the sirospun yarn quality characteristics from the yarn production parameters and cotton fibre properties, which are focused on fibre bundle measurements represented by HVI (high volume instrument). For this purpose, a total of 270 sirospun yarn samples were produced on the same ring spinning machine under the same conditions at Ege University, by using 11 different cotton blends and three different strand spacing settings, in four different yarn counts and in three different twist coefficients. The sirospun yarn and cotton fibre property interactions were investigated by correlation analysis. For the prediction of yarn quality characteristics, multivariate linear regression methods were performed. As a result of the study, equations were generated for the prediction of yarn tenacity, breaking elongation, unevenness and hairiness by using fibre and yarn properties. After the goodness of fit statistics, very large determination coefficients (R 2 and adjusted R 2 ) were observed.
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Estimation, HVI, multiple regression analysis, prediction, sirospun system, sirospun yarns, yarn physical properties Table 1 . Cotton and man-made staple fibres: mill use on the cotton spinning system (USDA) [1] . system enables to produce a special spin-twisted yarn directly on a conventional ring spinning machine; consequently, it is the combination of spinning and doubling in the one process. Sirospun yarns are less hairy and more extensible compared with two-plied yarns and have higher tenacity, lower hairiness and better evenness values compared with ring spun yarns with same linear density due to the doubling effect, smaller spinning triangle and well-embedded fibres into the yarn structure [6] .
Year
Sirospun spinning system can be installed on conventional ring spinning machine with low investment costs ( Figure 2 ). System provides production increase, lower energy and airconditioning costs, lower production costs, savings on place and staff due to elimination of some processes and avoids possible yarn damages because of transporting materials to those eliminating processes.
Materials and Methods
To improve yarn quality with respect to customer expectations, modern spinning systems and technological developments, which improve yarn properties, are becoming more important and popular. Nevertheless, previous researches showed that yarn properties are particularly influenced from fibre properties and this effect becomes more influential in the case of finer yarns. If the fibre characteristics are beyond the acceptable limits, it is not possible to produce a good yarn even if we use modern machines and best spinning technologies [7] .
In this context, modelling and prediction of the yarn properties have been very attractive for the textile engineers; therefore, several mathematical, statistical and empirical models have Globalization is growing rapidly; consequently in terms of cotton testing, speaking the same language is becoming more and more important to prevent from ambiguity and misunderstanding. For this purpose, new test methods should be free of variation and human error and should be based on scientific principles, clearly and accurately defined, reproducible and generally accepted [3] . Instead of trusting in the traditional skills of experienced specialist personnel, who have to sort bales according to quality, high volume instrument (HVI) provides rapidly full reports on important quality characteristics including the length, strength, fineness, colour and moisture content of the fibre (Table 3) . Subjective assessment of an expert has several disadvantages; it can be highly variable, time-consuming and labour-intensive. Ultimately, as the raw material represents the majority of the yarn production costs of a short-staple yarn, it is critically important to know the desirable fibre characteristics that spinners need for their yarn characteristics and for the selection of the suitable cotton blend.
The spinning consistency index (SCI) is also a regression equation for predicting the spinnability and the overall quality of the cotton fibre. The prediction is based on the average fibre and yarn data taken from USDA (United States Department of Agriculture)'s annual crop reports [5] .
As a consequence of quality improvement studies, some of the developments are focused on the ring spinning frame to produce yarns with different structures. Sirospun system is one of these modifications, which is attractive for both long and short staple spinning with improved yarn quality and reduced production costs. For traditional two-plied yarns, twisting binds the surface fibres into the structure of the yarn and makes it more resistant to the abrasive forces that occur during weaving. The sirospun Count strength product CSP constant + a * MIC + b * L + c * UI + d * Rd + e (+b) + f * E1 + g * S1
Ne 30, Ne 40 and Ne 50. Each yarn count was spun at three different twist multipliers (α e 4, α e 4.5 and α e 5). For each yarn count and twist multiplier, three different strand spacings (3, 6 and 9 mm) were adjusted. Consequently, approximately 270 yarn samples were produced under the same conditions, on the same machine. Appropriate main draft and break draft were adjusted on the ring spinning machine for each sample and other spinning conditions were kept constant. Orbit rings and appropriate travellers for each yarn count were used. For each yarn sample, 10 cops were produced and tested. Experimental plan is given in Figure 3 [8] .
Spinning operations can affect fi bre properties in different ways, depending on the machinery line and adjustments, etc. For the elimination of these effects, fi bre properties were measured using an Uster HVI instrument. The main test results of fi bre properties for different blends (from B1 to B11) are given in Table 4 .
Yarn unevenness and hairiness tests were performed on an Uster Tester 5, whereas the tensile properties of the yarns were evaluated on an Uster Tensorapid tensile testing machine. Statistical analyses were performed using Minitab and Gretl software.
Results and Discussion
Regression analysis is a common statistical tool for the investigation of relationships between two groups of variables. The fi tted model can be used to describe the relationship between dependent and independent variables, or also to predict new values. Yarn characteristics are infl uenced by several factors such as fi bre properties, production parameters, machine settings, the spinning conditions, etc. For this reason, the multiple regression analysis and ordinary least-squares methods were selected to learn the relationship between independent (predictor) variables and a dependent (criterion) variable. The types of relationship between independent variables (selected parameters) and dependent variables (yarn properties) were checked by using curve estimation and correlation analysis. Statistical analysis demonstrated that there was a nearly linear relationship between fi bre properties measured with HVI and sirospun yarn properties. Because of this, the linear multiple regression analysis method was chosen for this study [10] .
been developed. These interactions are critically important for the spinners for raw fi bre selection. Even though siro spinning method is a modifi cation of ring spinning, they have different spinning geometry, so two methods require different fi bre characteristics. Therefore, prediction studies on ring spinning systems are not exactly valid for sirospun yarns. For predicting sirospun yarn characteristics, different cotton blends were selected from different spinning mills in Turkey and their properties were measured with HVI ( Figure 1 ). Yarn count, twist coeffi cient and strand spacing were also selected as predictors because of their considerable effects on the yarn properties.
Fibre properties were measured with HVI. Sirospun yarn production was carried out on a Rieter G30 ring spinning machine, and for this purpose, the machine was equipped with a sirospun system. This sirospun system was composed of two adjustable roving guides, which are located before break-draft and main-draft zone (Figure 2) . In sirospun system, as two rovings were fed through the drafting system, the rovings must be half of the fi neness of the rovings that is used to produce ring-spun yarns with same linear density. And this is the point to consider for the production of fi ner yarns.
All samples were spun into yarns at a yarn count of Ne 20, were taken into account (Table 6 ). SCI and CSP were not used as they are already regression expressions and colour grade was not used as it is not a numerical value.
The relations between yarn properties and predictors were analysed individually by curve estimation. First, collinearity was tested and an exact relationship between some variables was found with correlation analysis. After that, Among fibre properties, it is found that there is a high correlation between mean fibre length and uniformity index (Pearson correlation coefficient = 0.924, Table 5 ). For regression estimation, the independent variables that have a higher correlation with dependent variables (fibre length have a higher correlation with yarn properties than uniformity index) have been used. Besides, fibre fineness, strength, elongation, short fibre index, yellowness, reflectance and maturity index values Tables 7-10 . Regression coefficients, given in the tables, are the constants, which represent the rate of change of a dependent variable (e.g. yarn property) as a function of changes in the independent variable (e.g. fibre property). P-value is used for determining statistically significance, the t-ratio is a ratio of the departure of an estimated parameter from its notional value and its standard error [11] .
The regression coefficients of the predictor variables were found statistically significant. Signs (+ or -) of regression coefficients of variables indicate the direction of influence.
Best Subsets Regression method was used for determining which independent variables should be included in a multiple regression model. Subsequently, the relations between yarn properties and determined predictors were analyzed one by one by curve estimation and some quadratic or polynomial relations were found with some fibre properties.
Stepwise regression was used to control the details of the process. Models having higher adjusted R 2 , but lower Akaike and Schwarz values were chosen. Lastly, White test was applied for seeking if there is a heteroscedasticity in the regression model and establish whether the residual variance of a variable in the regression model is constant. The possible existence of heteroscedasticity can invalidate statistical tests of significance that assume that the modelling errors are uncorrelated and normally distributed and that their variances do not vary with the effects being modelled. p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (Table 9) . A quadratic relation between fibre elongation and yarn strength was found. Initially, yarn strength decreases with the increasing fibre elongation, up to a limit, afterwards the increase in the fibre elongation causes an increase in the yarn strength [12] .
According to Table 10 , the most important fibre properties measured with HVI for breaking elongation are fibre elongation, fineness and maturity, respectively. Yarn production parameters have significant effect on breaking elongation. According to Table 7 , it is found that yarn unevenness increases with the increasing of the yarn count (Ne), twist coefficient and strand spacing. Fibre maturity and evenness are most important fibre properties for yarn unevenness. Yarn unevenness increases with the increase in fibre strength, short fibre index, yellowness, brightness, but decreases by using finer, mature and longer fibres having higher breaking elongation values. Table 8 shows that yarn hairiness decreases with the increasing yarn fineness, twist coefficient and strand spacing, as expected. It is found that fibre maturity, fineness and length parameters are the most effective fibre properties on yarn hairiness, due to their higher regression coefficients. As long as fibre strength, elongation and short fibre index decrease, whereas fibre length, maturity and brightness increase, yarn hairiness decreases. Fibre fineness has a polynomial relation with yarn hairiness, so, yarn hairiness significantly increases with the increase of micronaire value, after that hairiness decreases, then increases again.
It is found that yarn strength decreases with the increasing yarn count (Ne) and strand spacing whereas decreasing the twist It is seen that the most important fibre properties influencing yarn evenness and hairiness are fibre maturity and fineness, respectively, due to their high regression coefficients. For hairiness, fibre length is also very important. In terms of higher yarn tenacity, spinners are recommended to select raw materials primarily having higher fibre length and higher maturity ratio. On the other hand, if breaking elongation is more important, they have to select materials having higher elongation, maturity and micronaire values. Although spinners have to take into consider that, yarn count, twist coefficient and strand spacing values have significant effects on yarn characteristics.
Conclusion
In this study, we have tried to predict cotton sirospun yarn properties such as yarn evenness, yarn hairiness, yarn tenacity and breaking elongation by using fibre properties measured with HVI with linear multiple regression analysis. It is found that, uniformity index was highly correlated with mean fibre length, and fibre length has a higher correlation with yarn properties than uniformity index; thus, uniformity index was not used. Besides, SCI and CSP were not used as they are already regression expressions and colour grade was not used as it is not a numerical value. In conclusion, fibre length, fibre fineness, strength, elongation, short fibre index, yellowness, reflectance and maturity index values were taken into account.
Final regression equations obtained after several analyses are represented all together in Table 11 . Adjusted R 2 is used to measure the goodness of fit in the models and statistical evaluation showed that our equations had very large R 2 and adjusted R 2 values. 
